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One of the most important steps in milk plant operation 
1s the cooling of the milk after pasteurization; It is os 
sential that the milk be cooled quickly in order to mintain 
the low bacterial count and in such a way that there ie the 
least possible injury to the ereaming ability and flavor, 

Cooling is usually accomplished by allowing the hot 
milk te flow over a surface cooler with cold water running 
through the top tubes and brine through the bottom tubes. 

During the cooling prooess milk often freezes on the 
tubes of the cooler which may reduce the voluno of ereda 
rising on the milk end the flavor may alco be affected. 
op cotta Ge CE 7 Oe om Oe ete 
may also result. 

is seiteetis at tate wi a ie San or in ee 
blems involved in cooling milk. 


REVIEW OF LITERATURE 


Various factors connected with this problem have ro- 
ceived the attention of several investigators. 

It is a well known fact that consumers judge the quae 
lity of milk by the depth of oream layer in the bottle. It 
is, therefore, necessary for the dealer to get as deep a 


eream layer as possible. 

The nost satisfactory method of measuring the crean _ 
volune io by une of qpatunbed cylintera, aesorting to 
Hammer (8). 

Work by Trout (16), Hamer (9) and Whittiker et al (17), 
at 92° F. @ deep layer is formed which shrinks on standing. 
At higher temperatures 50 + 60° F, the layer grows deeper on 
Several investigators + Clenent. (2), Dahlberg and 
Marquardt (3), Hunziker (9) and Martin end Combs (11), have 
eream layers, It is especially important to secure rapid 

Freezing at texperatures around 0° F, reduces the crean 
layer, Reid (14) (15) found that freezing at 0° F. tor 
three hours and thewing for one hour at 60° F. reduced the 
ream layer 39 per cent. At the ond of 24 hours, this re- 
duetion had increased to 46 por cent. Freezing for five 
hours at the same temperature gave the same reduction at the 
end of 24 hours but the reduetion was sonowhat larger for the 
first few hours of storage. Freezing at 30° 7. gove a re+ 
auction of only one per cent. 


Market milk investigations in New York (12) showed that 
the ercam on Holstein and mixed milk wae reduced by freezing 
but Jersey milk was not effected. The ereaming ability of 

Metallie flavors are sometines caused by the cooler or 
other oquipment with wadeh the milk comes in contact. It is 
an secopted fact thet copper eauses off flavors in milk. 
Dissolved eopper is blamed for a cardboard or cappy flavor 
‘by Geftiardt and Somer (5). A tallowy or fishy flavor sone~ 
tines develops in milk from a plant thet hes e great deal of 
exposed copper in equipment, Some copper equipment seems 
to be satisfactory, however, | 

The flevor has been traced to coolers having spots of 
exposed copper. In one case Golding and Fotlman (6) found 
lion of dissolved copper, the larger amount being dissolved 
when air had access to the copper spots, 

«Tt 48 possible that @ifferont reactions cause different 
- flavors, although the same metal is involved. Hunziker (10) 
is of this opinion and states that the flavor may be innodie 
ately metallic at tines ond et other times some other flavor. 

Milk often has a cappy flavor. It is usually so slight, 

however, that the average consumer does not notice it, : 


Oknyana (13) states that the flavor does not develop for 
from 2% to 72 hours efter the milk is prosessed. The flavor 
was foun in the produet of one plent and samples were teken 
at various points in the plant ond exenined for flavor, the 
flavor appearea fraa the eooler onward, ‘The cooler was ro« 
tinned and the flavor disappeared. — 

Davies (4) states that fate may volatilize to give the 
- game volatile products that give cardboard its character- 
istic flavor, 

A metallie: flavor my develop in milk ani not de 
‘@aused by metals, Guthrge (7) found the flavor developed 
in buttersilk in sterile glass bettles, ‘hen other milk was 
Savenlates vite the Dattomtit, ast iy $s 


EAPERIMENTAL PROCEDURE 


-—- Migwket milk from the college 4airy was cooled in var~ 
ious wyys. Three coolers were used, cooler "A" was a Cherry 
tinned copper cooler with a water seetion consisting of six, 
two ineh tuves and a brine section of four, two inch tubes 
and had a capacity of 2,000 pounds per hour, Cooler "SB" was 
a Yarrington Junior milk cooler made by the Creamery Package 
Manufacturing Company. There were seven, one and one«fourth 
ineh tubes in doth the water and brine sections, capable of 
gooling approximately 1,006 pounds per hour. Cooler "C" was . 


a “D. K." dairy cooler purchased from Meyer-Slanke Company 
and consisted of brine and water sections of eight, three- 
fourth inch tubes each and hed a rated capacity of 900 pounds 
per hour. This rating ealeulated cooling the milk from 90°F. 

The creaming ability of the various samples of milk was 
measured by placing samples of the milk in cream line cyl- 
inders graduated to read @ireet the per cont of erean by 

The Babeock test was used in mking butter fat deter~ 
minations, end the lectometer was used to determine the total 
solid content of the milk, In pert III dealing with evapo- 
vation losses during oooling the Mojonnier method was used 
in waking fat and total solids determinations, 

The refractive index was deteruined on an interference 
refractometer by the method suggested by Adams (1), 

The flavor of the milk was determined by submitting 
samples to several judges who were familier with the judging 
of milk, 

A sten@ara potentiometer end a saturated KCl calomel 
half cell made by Leeds ant Northrup Company, was used in 
making pH determinations, The electrode used was of gold 
- wire. The same equipment was used in determining oxidation 
reduction potentials except that saturated KG agar bridges 
and platinum wire electrodes were used. 
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The Effect of Cooling Proeesses on Cream Line 


ag. Taree trials were mde in whieh milk was heated to 142° 


1,008 ponge one seks “The temperature end rate of 
flow of brine throug’ the sooler was adjusted so that the 
milk froze on the brine section, Seuples of the milk were 
taken before any freezing took place, near the middle of the 
eooling process, and of the frogen portion. The milk was 
ing. One trial was also run of cooler "B", end another trial 
was made in which the milk was permitted to freeze ani thew 
alternately during the cooling process, Samples were taken, 
ee ee 
Flavor as vill be discussed later. a Gekane caw oe be 
Tables I and II. 

In Table II, sample 3 is taken betwoon samples one and 
two but the grouping used in the table gives a better con~ 
parison, cea 

The average of four triala shomthat after 24 hours 
storage the first milk over the cooler and the middle por- 
tion were equal in volume of cream rising, the volume being 
13.75 per cent of the milk, — | 
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e. + : $ 
Semple dure : ete t $ 2 
ing freezing: 20.0 : 16,5 : 10.85: 16 +: 4.50 +: 14.15 
Sample duré&:: t | t 2 : 
ing freezing: 26.0 : 19.0 : 10,5: 16 : 4.50 +: 13,85 
Sample dure : : t t : : 
ing thawing : 20.0 : 19,0 : 16.5 1:17 +: 440 +: 15,98 
Sample dure : : t ? t t 
ing thawing : 19,5 : 16,5 : 16.25: 16 +: 4.40 : 24,13 


The erean layer on the frozen milk, however, vas re= 
duced to 6.38 per cent. This is ea teduetion of 30 per cent 
in volume of cream layer. The difference was even greater 
when the eréan Line formed but the cream layer on the frozen 
milk deepened while on the unfrozen milk, 1% shrank, 

4n analysis of the frozen portion showed thet the fat 
content was reduced from 4.09 to 5.5% per cent and the 
solids from 135.27 to 11,99 per cent, which no doubt is one 
cause of the reduction in cream volume. 

It may be concluded from the results show in Table II 
thet the effect of freezing on creaming ability of milk is so 
Slight in ordinary plant practices, thet it passes unnoticed, 
It is possible that the milk which actually freezes does not 


erean normally but this is an insignificant amount. 


si 'nite' Sn hie sabeeie SM So eal 4 onetime 
pared with brines at 16, 20, 30 and 39° F, and the effect of 
the various temperatures on eresming ability studied. The 
results are shown in Table III. _ 

It may be concluded from these data that brine tempera~ 
ture has no effect on the creaming ability of milk, There 
ie @ slight tendency towards inereased srean layer with the 
higher brine teaperature but this is too small and irreguler 
to be conclusive. 
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Gooler. ilk was cooled over the cooler "3" using ono slow 
and one rapid rate of flow. ‘Milk was also cooled over cooler 
"Cc" using four rates of flow. The results are shown in 
Table IV, 

These data indicate that the only effect the rate of 
flow has on the erean layer is indireotly through the ten- 
perature to which the milk is cooled, It seems also thet 
there is a temperature around 35° F, at which maximum crean- 
ing cecurs, ‘There is e tendancy for smaller cresn layers as 
the temperature increases. Thia tendancy is not especially 
great, however, and has practieally disappeared at the end 
of 24 hours. 

It will be noticed that the differences in erean volune 
tend to | Agoappear as the tim of setting increases, The 
temperatures also tend to draw together as the milk is al- 
lowed to set, The tendaney for eream layers and temperatures 
to draw together parallel each other but this may be only 
accidental. 
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sien seat aie Mth ee eanasn ome emsier 3, 
wnion had @ total aistanee of fall of 26 inches end coupared 
with milk cooled over eooler ¢ which had @ fall of 19 inches. 
In this trial ice water was used in the brine section of 
cooler C. The results are show in Table V. 

the data in Table V bear out the results of the provious 
section as to the importance of storage tenperature. The 

sane storage temperatures gave the maximum creat layer in 
both trials. It will be noticed that the nearer 35° F, the 
milk was cooled, the larger the cream layer, regardless of 
variations in the factor being studied. 
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various temperatures, on the depth of the cream layer. 

MAAK was cooled to 35, 40,45 and 50° F. and triplicate 
saaples were placed in cream line cylinders. One set of 
samples was stored at 35° F. in water, one set at 45° F, in 
water and one sot at 46° F, in air. Cheek cylinders were set 


containing raw milk, taken from the vat. Readings were taken 
at the end of 1, 2, 8 and 16 hours, The romults of the 18 | 
hour readings are shown in Table VI, 

The temperature at which the milk is stored effects the 
_ epth of the cream layer, ‘The lower the tenperature dow to 
36° P, at least, the deeper will be the orean leyer. 

The temperature to which the milk is cooled seens to 
have only a temporary effect on the erean layer, If it is 
eooled to a low temperature the erean layer will be decper 
for the first few hours, but as it approaches the tenpera- 
ture of the surrounding media, the effect of the tenperature 
when placed in storage disappears, 
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Dearance of the Croay Layer. A study of frozen milk showed 
“that the cream vould not remix with the serm solids without 
vigorous shaking ani even then it reeined in anall lumps. 
euriled appearance. a if 

Several samples of milk were frozen, sone before and 
some after the cream line hed formed. Milk was also allowed 
to freeze on the tubes of the cooler and bottles filled with 
the ice and the ice ellowed to melt end the cream line form, 
All samples whether frozen before or after the cream line 
formed or on the cooler, showed the uneven cream line and the 
cream refused to renix readily. The harder the milk was 
frozen the greater was this effect. 

Mieroseopical examination indicated ea partial destabi- 
lization of the milk emulsion, 
‘The clumps were found to be soluble in ether, disinte- 
grate on heating, eane to the top whon centrifuged ani had 
no érystaline shape, This would indicate that they were fat. 
Some of them were also disintegrated by a strong alkali so- 
lution inéiecating thet they might be casein, 

Figure I shows the effect of freezing on the appesrance 
of the cream layer. Figures Ii and III show the appearance 
of the cream layer under the low power of the microscope. 
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Figure II. Microscopic Appearance of Cream Taken from 
Normal Milk 


Figure III. Microscopic Appearance of Cream Taken 
From Frozen Milk 
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the miux, iaihas cE ia) ah € 0h den eenndinman 
were taken for flavor teste. Giving the unfrozen «ilk a 
score of 23, the frozen portion was scored 16-19 and eriti- 
cized as boing watery, metallic ani oxjdized, The flavor 
seoned to be the sane immediately and after 24 hours storage 
at about 35° F, In the trial where samples wore taken while 
the «ilk was freezing onto or thawing off from the cooler 
os 


Siskin, eajpiees ail Uiaciiocation town in milk due 
to faulty plant practices and equipment. Soae of these have 
beon attributed to the use of chlorine disinfeetant in steri- 
Lizing equipment. it seened desirable to know what effect 
ceaetin) sheen Linea GIANT Onder Mal ou eo Shewhe oF Woe 
milk. 

iinet es ic a cia 
first milk to cone in contact with any piece of equipment, 
Two, rust free, 40 iquaty cans were carefully washed and 
steamed for several minutes and shia: atti aan diiian Mahe 


tho milk was token dimotiately to the creamery where it 
"was pasteurized and divided into three equal portions. One. 
portion of it was cooled over cooler "3" which had been ster- 
{lized 24 hours before with a chlorine sterilizer that con- 
tained 200 parts per million available chlorine. ‘the cooler 
was thon washed and sterilized with e similar solution end 
another portion of the ailk eooled imediately. The cooler 
Llized with steam and another portion 


Half pint samples were taken from each bateh efter eool~ 
ing and stored in the cooler at 36° F, These sanples were 
examined for flavor et the end of 0, 24, 49 ani 72 hours by 
four judges. Tho results are shown in Table VII. 

“TABLE VII 


fhe Effect of Different Methods Used in 
svoFtitsing a Sooler on the Flavor of tho tte 


A cardboard flavor usually first appeared in the samples 
eooled after chemical sterilization of the cooler at the end 
of the 24 hour period ana grew stronger up to 72 hours. In 
the ease of sterilization of the cooler just prior to use, 
the flavor tended to be medicinal, 

A trial was made cooling the milk from 90° P, The flavor 
seemed to be less pronounced in this case so another trial 
was made in which the cooler was divided in such e way that 
half of a lot of milk eoul@ be eooled from 90° F. on one half 
of the cooler and the rest of the milk heated to 142° F. and 
eooled on the other half of the cooler. 

The results indicated that the off flavor is less pro- 
nounced, especially at the 48 and 72 hour periods, in the 
ease of the milk cooled from 90° F, 3 

Two trials were made in which milk was cooled in an 
the jacket. In this manner the milk was not exposed to the 
atmosphere during cooling. ‘The milk could only be cooled to 
about 80° F, in this manner so after the samples were taken, 
the bottles were placed in ice water to complete the cooling, 
The apparatus was sterilized four hours before and just 
prior to use as in the case of the surface cooler. All open 
parts of the line were washed out after sterilization. The 
‘Pesulte were practically the same as when cooler "3B" was used, 


24 

A triel was made on cooler “S" in which 20 gallons of | 
milk were run over the cooler, which had been sterilized 24 
hours before with a chlorine rinse. Seaples were taken from 
the trough at the end of each 5 galions, ‘The resubts showed 
a it 
had been cooled. 3 

Oxidation reduction potentials were run on samples‘ that 
had been run over the cooler after sterilization with a 
chlorine solution and on check samples using a saturated KCl 
galomel half cell and « Leeds and Northrup potentioneter, — 
The electrode used was of platinum wire, ‘the results az¢ 
shown in Table VIII, = 


Oxidation Heduetion Potentials of Milk Developing and 
Milk not Developing an oxidized Flavor ” 


The potentials of the semples that developed the off 
flavor were from 0-10 millivolts more negative than those 
that 41d not develop the off flavor. The greater differences 
eoning at the time the off flavor was developing. 


A Study of Bvaporation Losses During Cooling 


It 19 @ well mow fact tint there is always ene shrink 
age in processing milk, One point where loss may take place 
is during the cooling process. The pacoing of hot milk over 
the tubes of a surface cooler in a thin film offers en ope 
portunity for loss due to evaporation, 

An attempt was onde to monmure thie less in several aif- 
ferent ways. The first method used was to weigh the milk 
loss due to other causes could not be definitely determined. 
error in weights wae also large in comparison to the anount 
of evaporation. 

A second method was to test for sone constituent by a 
method sensitive enough to show amall percentages of evapora- 
tion, One method of doing this was by the liejonnier fat and 
golids test, Any loss dus to evaporation would show up in 
imerease’d percentage of fat and totel solids in the milk, 
This was accomplished by testing the milk from the vat and _ 
fron the cooler. ‘The refractive index was aloo deternined 
on these samples. 

After several trials it was decided that the evaporation 
was too small to be detersined by either of these methods. 


Tt was thought, however, thet on orror in the interference 
refractometer might result from precipitation of the casein 
Soe 
terminations. 

A solution of salt having the sme surtace tynaton ao 
milk was made up. This was pasteurized and samples taken 
from tho vat ant from the gooler and their refractive index 
@eternined from this, — 
reauite aro shown in Table 2X. | 

The formule used in figuring the per cent change in 
water from the vojonnier test was as follows: 


Per cont change in volwne « Per cent change in water. 
Explanations:< 


1+ sos-sauk SaUTVSEUGMDIGT * plold ono wail or fat 

Giva yield one unit of fat. 

o* cox-seat Pot(ooled Sample) * to piela dante of fe 
cent. to yield 1 unit of fat. 


The difference between 1 and 2 equals the change in 
volume which it is assumed is water. 
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Tale difference divided by the original milk equals the 
per cent change. | an 

Maile it is obvious that the Limits of error of this 
tion, there would seen to be certain conclusions that could 
be drawn from the data in Table Ix, | 

The amount of evaporation over the cooler is very small. 
In fact, it is probable thet there is just as apt to be con- 
densation from the air as evaporation. The fact thet in two 
trials the Mojonnier tests showed an increase in water and 
that the refractive inde® agreed in the only one of these 
trials that it was run on ould seem to prove that there is 
condensation at times anyway, There is no question but that 
the milk is below the dew point some of the time. ‘the dev 
point is the temperature at whieh the air mould become satu< 
rated with a given amount of moisture, If it becomes cooled 
below this point some of the moisture will be procipitated. 
It is probable that evaporation takes place over the top of 
the cooler end condensation on the bottom, 

one of the more importent variables in this test would 
be relative humidity. During the first trial the hunidity 
Was nearly 100 per cent. during the final trial it reached 
74 per cont. It will be noticed that there was condensation 
during beth of these trials, ‘The relative humidity variea 


TABLE Ix 
Data Tending to Show the Amount of Bvaporation 
as 
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from 60 to 74 per cont in 16 minutes during one trial. Thais 
fsetor alone could cause Large variation in evaporation. 
The results of the interference refractoneter tests on 
@ salt solution, samples being teken from the vat and other 
senples after the solution haf been ecole’ over cooler "A" ~ 
are shown in Table X,. ‘ALL ‘samples were tested in duplicate 
‘than one division difference ‘in duplicate tests. One éivi- 
sion on the interferometer being equal to .025 per cant 


change in water, Consequently any <ifferenee must be in the 


seaples rather than due te error in the test. 

Sample one is taken from the vat before heating, sample 
two from the vat as soon es the solution reached 142° ¥., 
 gample three from the vat at the end of 30 minutes holding 
period. ee ee 
samples froma the cooler, 

In trial one the valve on the cooling brine was changed 
froa time to time in an effort to get maximum cooling without 
for some of the variation. In the other trials the whole let 
was allowed to run over the cooler without any changes after 
sampling was started. It will be noticed that the results 
are more uniform in these trials, especially trial two. 
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In trials three and four oonditions were as favorable 
for evaporation as one would expect to find, The air ten« 
perature was 95° F, with @ relative huaidity of 30 per cent, 
The cooling brine was fairly wara go the solution aia not 
Get cooled until it reached the bottom of the cooler, It 
could not have been below the dew point very long. In trial 
four the solution was only cooled to 45° F, In addition to 
this, a large fan was placed at the end of the cooler eaus- 
ing a rapid flow of air across the eooler during these 
trials, | | 

It will be noticed that the first two samples - 43/4: 
and 53/54 in each trial, show much greater evaporation than 
subsequent ones. This may be due to the fact that the san- 
ples wore taken before the systen had come to equilibriua, 
It is possible that more evaporation takes place for the 
first few minutes. This might be because the surroundings 
have not been cooled down and the air ie less saturated. if 
these samples were disregarded there would be a much smaller 
percentage of evaporation. 

This work bears out the results shown in Table IX where 
milk was used. The anount of evaporation from the cooler is 
very much smaller and there is often a gain in water. It 
would seem safe to assume that the average evaporation from 
@ surface cooler is Qt.2 per cont. 


Milk was allowed to freeze on the tubes of a surface 
cooler and examined for flavor and creaming ability. ‘The 
flavor of the frozen portion was impaired and the cream layer 
reduced on the average by 39 per cent. 

Studies vere nade on the effect of various brine ten 
peratures on creaming ability. There seemed to be little if 
any difference comparing brines of 0, 1, 12 and 10° F, with 
brines of 18, 20, 30 and 39° #,- 

Wilk was run over the cooler at different rates to de~ 
termine the effect on ereaming ability. The rate of flow 
seemed to have little effect, cae 

Milk was run over coolers of different heights in an 

effort to deteraine the effect of distance of fall on the 
creaming ability of milk, ‘his factor also seemed to have 
little effect, 
«MAR was cooled to 35, 40, 45 and 50° F, and stored in, 
1. water at 35° 7., 2, water at 45° F., and 5. air at 45° F, 
The storage teuperature seemed to have mare effect on volume 
of cream rising than the tonperature to which the milk was 
cooled, 35° F, giving the maximum cream layer. 

Wilk was allowed to freeze and then cream, ‘The erean 3 
ine was uneven and had a coagulated appearance and the erean 
refused to reaix readily with the serun, 
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The cooler was sterilized with s chlorine solution con 
taining 200 parts per million available chlorine, Twenty~ 
four hours later milk was eooled over this cooler, ‘the 
with steam and more milk cooled, The samples thet were 
cooled after the chlorine sterilization hed a tallowy, oxi- 
ized taste which increased in intensity with age. 

A study of evaporation losses made by running the llo- 
jonnier fet and solids tests on the milk before and after 
eooling and the interference refractometer tests on milk and 
salt solutions revealed thet the evaporation was very saall. 
The Mojonnier teats gave a loss of .5475 per eent anid a gain 
of ,664 per cent. The refractometer gave a gain of .057 per 
gent. 

From this work the following conclusions see justified: 

1. Freezing of milk causes a tallowy, oxidized, metallic 
fiavor and reduces the eresem layer an avorage of 39.05 per 
cont, 

2, The effect of freezing is unnoticed during normal 
continuous operation of the cooler, | 

3, Other factors in cooling, ©.g., rate of flow of milk 
over the cooler, distance of fall of milk over the cooler, 


thickness of film of milk on the cooler, ani tamperature of 
cooling media, have very ttle if any effect on depth of 
erean layer or flavor, 

4. Freezing of milk eauses a coagulated appearance of 
the cream layer and an uneven cream line, ‘The cream will not 
mix back into the serum readily. This is due to destabili- 
zation of the fat emulsion. 

5S. the nearer 35° F. the milk is stored, the deeper the 
erean layer. 

6. Bvaporation from the cooler is very slight. In fact 
there may be condensation of moisture from the air. The 
average evaporation is probably Ot.2 per cent. 

9%. Sterilizing a cooler with a chlorine rinse causes a 
earaboara flavor in milk gooled over the eooler. This is due 
to oxidation of some substance in the milk, probably fat. 
Tho. flavor is more marked if the milk is cooled from 142° F, 
than from 90° F, As more milk is passed over the cooler, the 
off flavor becomes less intense, A suggested remedy is to 
rinse the cooler with a large volume of hot water before 
using. 
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